IMPORTANCE Evidence indicates correlations between lingual tonsil hypertrophy and pediatric obstructive sleep apnea (OSA). However, to our knowledge, a meta-analysis of surgical outcomes for lingual tonsillectomy in children with OSA has not been conducted.
O bstructive sleep apnea (OSA) in children covers a spectrum of respiratory disorders characterized by upper airway collapse during sleep. 1, 2 The pathogenesis of childhood OSA is mainly due to enlarged adenotonsillar tissues. [3] [4] [5] Adenotonsillectomy is widely considered the firstline therapy for childhood sleep apnea. 1, 6, 7 Treatment outcomes for adenotonsillectomy have been studied extensively. [8] [9] [10] [11] [12] In 2006, a meta-analysis by Brietzke and Gallagher 8 demonstrated that the mean change in the apnea-hypopnea index (AHI) after adenotonsillectomy was a reduction of 13.92 events per hour, with a success rate of 82.9%. A review article by Friedman et al 9 in 2009 found that the mean change in the AHI after adenotonsillectomy was a reduction of 12.42 events per hour, with an overall success rate lower than commonly believed (59.8% for an AHI<1). A meta-analysis 10 in 2016 by our research group demonstrated that adenotonsillectomy results in notable improvement in a number of sleep variables, with an overall success rate of 51% for a postoperative AHI less than 1.
Other meta-analyses [8] [9] [10] have shown that postoperative residual OSA remained in approximately half of the children treated with adenotonsillectomy. Therefore, additional treatment strategies are desirable for children with persistent OSA after adenotonsillectomy.
13
Lingual tonsillar hypertrophy is a known cause of OSA and pediatric airway obstruction.
14-26 The lingual tonsil is a component of the Waldeyer ring of lymphoid tissue located at the base of the tongue, and its hypertrophy may cause OSA.
21,27
The diagnostic approach to detecting lingual tonsil hypertrophy varies. Conventionally, lingual tonsil size is evaluated using imaging studies, such as computed tomography (CT) or magnetic resonance imaging (MRI). [28] [29] [30] [31] More recently, the use of drug-induced sleep endoscopy enables physicians to identify sites of obstruction immediately and to direct surgical interventions accordingly. 32 After identifying lingual tonsil hypertrophy as the main cause of OSA, lingual tonsillectomy is indicated, and studies [19] [20] [21] [22] [23] [24] [25] [26] have proved its effectiveness. However, to our knowledge, a meta-analysis of surgical outcomes for lingual tonsillectomy in children with OSA has not been conducted.
33,34
The objective of this study was to evaluate the changes in sleep variables (ie, the AHI and the minimum oxygen saturation) after lingual tonsillectomy for treatment of OSA in children. In addition, we aimed to assess the overall success rate of the procedure (ie, for a postoperative AHI<1 and for a postoperative AHI<5).
Methods

Search Strategy
This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement and the recommendations of the Meta-Analysis of Observational Studies in Epidemiology group. 35 The study protocol was registered on PROSPERO 36 (CRD42015027053) before commencement. Two of us (K. Inclusion criteria were children younger than 18 years, preoperative polysomnography (PSG) studies confirming the diagnosis of OSA, and postoperative PSG studies for outcome comparisons. The diagnosis of pediatric OSA was defined as an AHI greater than 1 event per hour in the PSG studies. 4, 5, [8] [9] [10] Therefore, articles included in this meta-analysis had to have information on the AHI, and those that failed to report the AHI were excluded. The surgical procedure included in this metaanalysis was the removal of hypertrophic lymphoid tissue at the base of the tongue (ie, lingual tonsillectomy alone). Articles in which patients had concurrent procedures performed at the time of lingual tonsillectomy were excluded from the meta-analysis. The details of each technique, instrument, and access performed varied based on surgeon preference and experience.
Exclusion criteria were based primarily on absence of one of the inclusion criteria. Case reports, abstracts, letters to the editor, and unpublished studies were excluded from the metaanalysis. The initial search was conducted by the 2 key reviewers (K.-T.K. and C.-H.L.) independently and was verified by 2 of us (P.J.K. and W.-C.H.).
The methodological assessment of article quality in this meta-analysis entailed using the relevant section of the Newcastle-Ottawa Scale (NOS).
37 Quality scores ranged from 0 (lowest) to 9 (highest). The NOS tool set was adapted to each article separately by 2 of us (M.-T.L. and W.-C.H.), and disagreements were resolved by consensus among the authors.
Statistical Analysis
Data were analyzed using statistical software (Comprehensive Meta-Analysis, version 2; Biostat Inc). A random-effects model was used for calculating the overall effect of lingual tonsillectomy. The overall effect of net postoperative changes (raw score) in the PSG variables (ie, the AHI and the minimum oxygen saturation) was extracted for calculation in the metaanalysis. The overall success rate (ie, for a postoperative AHI<1
Key Points
Question What effect does lingual tonsillectomy have on polysomnography in children with lingual tonsil hypertrophy and obstructive sleep apnea?
Findings In this meta-analysis, significant improvements in the apnea-hypopnea index and the minimum oxygen saturation were observed after lingual tonsillectomy. However, children frequently have residual obstructive sleep apnea after lingual tonsillectomy, and postoperative complications must be carefully managed.
Meaning Lingual tonsillectomy is an effective surgical management for children with obstructive sleep apnea caused by lingual tonsil hypertrophy.
and for a postoperative AHI<5) for lingual tonsillectomy as a treatment for OSA was analyzed. Effect size and 95% CIs were used to describe the magnitude and precision of the difference in compared groups. Statistical heterogeneity among studies was assessed using I 2 statistics that measured the proportion of overall variation attributable to between-study heterogeneity. An I 2 statistic exceeding 50% indicated moderate heterogeneity, whereas an I 2 statistic exceeding 75% indicated high heterogeneity. 38 Potential publication bias was assessed using a funnel plot and the Egger intercept test. 38 
Results
Literature Search
The were considered duplicative for the purposes of our meta-analysis and were excluded. Two other studies 23, 25 were excluded because they documented concurrent procedures at the time of lingual tonsillectomy. Therefore, 4 studies 20, 22, 24, 26 were included in the quantitative analyses ( Figure 1 ).
Quality Assessment
The quality of the 4 studies included in the meta-analysis was assessed using the NOS, 37 ranging from 0 (lowest) to 9 (highest) points. The Table and eTable 2 in the Supplement list the NOS results in detail. The NOS scores for the 4 studies ranged from 5 to 7; the mean and median scores were both 6.
Basic Demographics
The 
Surgical Outcomes of Lingual Tonsillectomy
Four outcomes for lingual tonsillectomy were analyzed: (1) net postoperative changes in the AHI (Figure 2 ), (2) net postoperative changes in the minimum oxygen saturation (Figure 3 ), (3) the overall success rate for a postoperative AHI less than 1 (eFigure 1 in the Supplement), and (4) the overall success rate for a postoperative AHI less than 5 (eFigure 2 in the Supplement).
Changes in the AHI and the Minimum Oxygen Saturation After Lingual Tonsillectomy All 4 studies reported data for changes in the AHI after lingual tonsillectomy. The mean change in the AHI after surgery was a reduction of 8.9 (95% CI, −12.6 to −5.2) events per hour (Figure 2) . Changes in the minimum oxygen saturation after lingual tonsillectomy were reported in 3 studies. 20, 24, 26 The com- 5.0 (1.0 to 9.0) 6.0 (2.7 to 9.2) Overall (random) I = 0%
The 3 studies had a total of 46 patients. bined effect obtained from the random-effects model for the minimum oxygen saturation showed an increase of 6.0% (95% CI, 2.7%-9.2%) (Figure 3 ).
Success Rate of Lingual Tonsillectomy
All 4 studies reported their success rate after lingual tonsillectomy. Surgical success was usually defined as a postoperative AHI less than 1 or a postoperative AHI less than 5. Two studies 24,26 reported data for a postoperative AHI less than 1, and the random-effects model estimate for the success rate was 17% (95% CI, 7%-35%) (eFigure 1 in the Supplement).
The success rate for a postoperative AHI less than 5 was reported by 2 studies. 24, 26 The random-effects model estimate for the success rate was 51% (95% CI, 25%-76%) when treatment success was defined as an AHI less than 5 (eFigure 2intheSupplement).
Postoperative Complications
Complications after lingual tonsillectomy were reported, including airway obstruction caused by tongue base edema, 20 intraoperative or postoperative bleeding, 24 and pneumonia. 24 AbdelAziz et al 20 described 3 patients who developed postoperative airway obstruction caused by tongue base edema. All 3 children were successfully treated with oxygen therapy and administration of corticosteroids, and reintubation was not required.
20
Thottam et al 24 described 1 patient who had postoperative bleeding that required reoperation for control. Thottam et al also described 1 patient with pneumonia who required intubation, ventilator support, and a 14-day hospital stay.
Publication Bias eFigure 3 in the Supplement shows a funnel plot of the SE according to the difference in the AHI means. The plot is generally symmetrical, suggesting no obvious publication bias. The results of the Egger intercept test also indicated no apparent publication bias.
Discussion
To our knowledge, the present study is the first metaanalysis to determine the effectiveness of lingual tonsillectomy in treating pediatric OSA. Meta-analysis results show that lingual tonsillectomy is an effective surgical management for children with OSA, resulting in an AHI reduction of 8.9 events per hour and a minimum oxygen saturation increase of 6.0%. The overall success rates identified in this study are 17% for a postoperative AHI less than 1 and 51% for a postoperative AHI less than 5. From a clinical perspective, this study confirms beneficial effects of lingual tonsillectomy in treating pediatric OSA, and physicians may consider it a treatment strategy in patients with OSA caused by lingual tonsil hypertrophy. showed that supraglottoplasty resulted in an AHI reduction of 8.9 events per hour, and their success rate was 28% for a postoperative AHI less than 1. However, treatment outcomes of lingual tonsillectomy for children with OSA and lingual tonsil hypertrophy have never been clarified, to our knowledge. This meta-analysis identifies that lingual tonsillectomy results in an AHI reduction of 8.9 events per hour and that its overall success rate is 17% for children with persistent OSA caused by lingual tonsil hypertrophy. A relevant question is the nature of the risk factors determining persistent OSA after lingual tonsillectomy. Obesity has been shown to be associated with poor surgical outcomes.
10
A previous meta-analysis 10 by our research group demonstrated that the postoperative AHI is positively correlated with the body mass index z score before surgery for children with OSA undergoing adenotonsillectomy. For children with OSA who underwent lingual tonsillectomy, Chan et al 21 found that cure rates were significantly poorer for overweight children undergoing lingual tonsillectomy than for other children. Obesity is a risk factor for lingual tonsil hypertrophy. 30,42,43 Adipose tissue in obese children around the pharynx and neck, along with hypertrophic adenoids and tonsils, compresses the pharynx and reduces its cross-sectional area. 2,4 Obese children may also have a high preoperative AHI, which is less likely to be cured by surgery alone independent of obesity. 7 However, data comparing surgical outcomes between obese and nonobese children after lingual tonsillectomy are limited, and the factors affecting treatment outcomes in children undergoing lingual tonsillectomy require further study.
10,21
In this meta-analysis, comorbidities in children with OSA who underwent lingual tonsillectomy included Down syndrome, mucopolysaccharidosis, velocardiofacial syndrome, Beckwith-Wiedemann syndrome, and other craniofacial anomalies. In particular, more than one-third (26 of 73) of the patients included in our meta-analysis had Down syndrome. Given the fact that lingual tonsil hypertrophy is a common condition in children with Down syndrome, 28 Consequently, the choice of surgical technique is based on the condition of the patient and the expertise of the surgeon. Lingual tonsillectomy technique is a critical issue. In 2009, endoscopic-assisted coblation lingual tonsillectomy was described as an effective method to treat lingual hypertrophy associated with OSA, in addition to providing improved visualization. 19 The need for further enhanced visualization drove the development of the transoral robotic approach as a means to assist access and decrease intraoperative uncertainty. 24 Transoral robotic surgery provides a 3-dimensional view and more freedom of motion than the previous endoscopic coblation method. Thottam et al 24 demonstrated that children who underwent transoral robotic surgery for sleep apnea had short hospital stays and a low rate of complications. However, learning assembly of the robotic apparatus may require time, and the cost of the equipment may be prohibitive.
24,60
Data on the complications of lingual tonsillectomy are limited. Although the complication rate appears to be low, postoperative complications may be serious and must be carefully managed. Intraoperative or postoperative bleeding requires close observation and possible reoperation for control. 24 Respiratory complications may require oxygen therapy, corticosteroid use, or intubation. 20,24,60 Among the 73 patients included in this meta-analysis, 1 (1%) had postoperative bleeding, and 4 (5%) had respiratory complications. However, the data should be interpreted with caution because of possible selection bias. Compared with those children who have preoperative PSG data only, children who have both preoperative and postoperative PSG data may have a better clinical course and a lower complication rate. Leonardis et al 60 reported 16 patients who underwent lingual tonsillectomy, and 2 of them (12.5%) had bleeding from the operative site. The learning curve associated with lingual tonsillectomy should also be taken into consideration. Postoperative complications may be high initially and diminish substantially thereafter. Furthermore, because of limited data, factors contributing to postoperative complications were not clearly identified in our metaanalysis.
Limitations and Future Directions
There were many limitations surrounding the current literature identified in this meta-analysis, which may influence future study. First, most studies were retrospective case series. The limitations associated with observational studies, including confounding factors and selection bias, have been documented. 6,10,38 Second, evidence is lacking on changes in quality of life, 61 blood pressure, 62 or biomarkers 63 in children after lingual tonsillectomy. Third, factors related to surgical outcomes and persistent OSA after lingual tonsillectomy are not well identified and require further study. Fourth, children with OSA often have multilevel obstructions. They may also experience occult laryngomalacia and be seen without stridor but have supraglottic collapse during sleep. Therefore, some children included in this meta-analysis required extension of lingual tonsillectomy to a midline glossectomy and performance of supraglottoplasty. Our research group plans future studies on the effectiveness of multilevel surgery and consensus regarding treatment strategies for children with OSA. 64 Fifth, there is a lack of longterm follow-up data on children undergoing adenotonsillectomy for OSA, 65 as well as little evidence regarding lingual tonsil regrowth after lingual tonsillectomy. Prospective, longitudinal studies are required to elucidate long-term outcomes of lingual tonsillectomy and lingual tonsil regrowth among children with OSA.
Conclusions
Lingual tonsillectomy has been shown to be an effective surgery for children with persistent OSA after adenotonsillectomy caused by lingual tonsil hypertrophy. This procedure resulted in an AHI reduction of 8.9 events per hour and a minimum oxygen saturation increase of 6.0%. After lingual tonsillectomy, 17% of all patients in this meta-analysis had an AHI less than 1, and 51% had an AHI less than 5. However, complete resolution of OSA is not achieved in most cases of lingual tonsillectomy, and postoperative complications, including respiratory and bleeding problems, must be managed carefully. Full term: "Sleep Apnea ", "lingual tonsil", "lingual tonsillectomy"
